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The temperature dependence of the thermal diffusivity,a, of a lyotropic liquid crystal is investigated
using the thermal lens technique in the range of 12–52 °C. The sample under study presents a
calamitic-nematic phase between 15.0 and 47.2 °C. Below and above these transition temperatures
it is in the isotropic phase~the phase below 15.0 °C is named reentrant-isotropic,I RE). The sample
is aligned in a magnetic field before measurements, with the micelles parallel or perpendicular to the
cuvette sidewalls, thus allowing the determination of the thermal diffusivity in both directions. The
observed anisotropy in the thermal transport parameter is analyzed based on a model, which
considers the geometry of the micelles and the order parameter S as a function of temperature.
© 2003 American Institute of Physics.@DOI: 10.1063/1.1519677#
I. INTRODUCTION
Thermal lens spectrometry is a transient technique that
has been increasingly used to investigate the thermal trans-
port properties of transparent materials. Thermal lens tech-
niques are also noncontact, thus removing the requirement
for perfect thermal contact between the measuring device
and the sample. The thermal lens effect is created when the
excitation laser beam passes through the sample and the ab-
sorbed energy is converted into heat, changing the optical
path length, and producing a lens-like optical region in the
sample. The propagation of a probe beam laser through the
thermal lens will result in either a spread or a focusing of the
beam center, depending on the sample properties. The
sample optical absorption coefficient (Ae) and its thermal
conductivity~k! mainly control the thermal lens signal inten-
sity.
Earlier experiments using thermal lens spectrometry in
liquid crystals used the so-called single beam configuration.
Recently, the use of the mode mismatched thermal lens con-
figuration 1,2 in the investigation of lyotropic liquid crystals
was demonstrated.3 The higher sensitivity of the technique
allowed the determination of the thermal parameters of the
sample without any addition of dyes destined to enhance
optical absorption.
In this article the temperature dependence of the thermal
diffusivity, a, of a lyotropic liquid crystal is investigated us-
ing the thermal lens technique in the range of 12–52 °C. The
sample is aligned in a magnetic field before measurements,
with the micelles parallel or perpendicular to the cuvette
sidewalls, thus allowing the determination of the thermal dif-
fusivity in both directions. A model that considers the geom-
etry of the micelles and the order parameterS as a function
of temperature is used to interpret the observed anisotropy in
the thermal diffusivity.
II. EXPERIMENT
The higher sensitivity for the mode-mismatched configu-
ration is achieved when the sample is positioned at the waist
of the excitation beam, where the power density is maxi-
mum, and at the confocal position of the probe beam. The
experimental setup used an argon ion laser as the excitation
beam (le5514.5 nm andPe510– 100 mW at the sample!
and a He–Ne laser as the probe beam (lp5632.8 nm and
Pp51 mW at the sample!. A shutter controlled the exposure
of the sample to the excitation beam. The output of a fast
probe photodiode was coupled to a digital recorder, which
was triggered by a second photodiode. Data were transferred
from the recorder to the computer and stored in sequential
files for further analysis. Each scan resulted in 1000 mea-
sured points. Moreover, the excitation beam spot size at the
sample wasve539mm and the probe beam spot sizevp
5188mm.
Lyotropic nematic liquid crystals are mixtures of am-
phiphilic molecules and a solvent~usually water!, under ad-
equate temperature and concentration conditions. The basic
units of these systems are anisotropic micelles. The sample
was prepared with the following composition: 29.1 wt % of
potassium laurate, 6.4 wt % of decanol, and 64.5 wt % of
water. The phase sequences described above were deter-
mined by optical microscopy. It presents a calamitic-nematic
phase between 15.0 and 47.2 °C. Below and above these
transition temperatures it is in the isotropic phase~the phase
below 15.0 °C is named reentrant isotropic,I RE). The sample
was placed in a quartz cuvette with thickness of 0.5 mm. The
uniform alignment of the director is produced by a 0.8 T
magnetic field parallel~planar! or perpendicular~homeotro-
pic! to the sidewalls. To ensure the good quality of the align-a!Electronic mail: manoel@ifi.unicamp.br
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ment of the director, the magnetic field action was reinforced
by adding a small quantity of ferrofluid~,0.05 wt %! to the
nematic mixture. The sample temperature was controlled by
a circulating temperature bath~Haake K-20/DC-5!. The reso-
lution of this temperature controller is 0.01 °C. For each ori-
entation of the director, the measurements were performed as
a function of the temperature in the range from 12 to 52 °C.
The measurements were performed only when the tempera-
ture of the sample was stabilized better than 0.1 °C.
The thermal diffusivity~parallel and perpendicular to the
director of the phase! was determined from the thermal lens
measurements performed on the aligned samples. The ex-
perimentally observed time profile of the developing thermal
lens,I (t), was fitted to Eq.~1!,3 and the thermal diffusivity,
a, was obtained from the adjustable parametertc :
I ~ t !
I ~0!
5F12 u2 tan21
S 2mV@~112m!21V2#~ tc/2t !1112m1V2D G
2
, ~1!
whereI (0) is the signal intensity att50 ~when the excita-







whereZ1 is the position of the sample far from the probe
beam waist andZC its confocal distance (ZC5pvp
2/lp).
The parametersm and V depend on the experimental ar-
rangement, and in this case werem523.7 andV53.45. Be-
sides I (0), u and tc are left as free parameters. They are











where (dn/dT) is the temperature coefficient of the sample
refractive index atlp .
III. RESULTS AND DISCUSSION
Figure 1 shows the experimentally determined thermal
diffusivities for the directions parallel and perpendicular.
One can see in theNC phase that the parallel thermal diffu-
sivity is higher than the perpendicular one. The ratioi /a'
has a value in the range of 1.2–1.3 in the middle of the
nematic phase. This result is related to the geometry anisot-
ropy of the micelles, in agreement with previously reported
data.3,4 The relative anisotropy in the thermal diffusivity is
lower in lyotropic systems when compared to thermotropic
ones,5,6 as discussed in Ref. 3.
At the phase transitions the thermal diffusivity vanishes,
as expected for a first-order transition. This behavior is re-
lated to the changes in the specific heat in the transition. In
each isotropic phase (I RE and I! the thermal diffusivity is
almost constant, being slightly higher in the high temperature
isotropic phase. The increase of the thermal diffusivity with
temperature is typical of isotropic liquids,7 due mainly to the
dependence of the velocity of the molecules with tempera-
ture.
In the nematic phase~far from the phase transitions!, the
behavior of the thermal diffusivity is governed by the ther-
mal conductivity. In Ref. 3 it was shown that the behavior of
the thermal conductivity could be explained in terms of the
geometry of the micelles. This model was deduced by con-
sidering that the phonon mean free path is limited by the
micelles dimensions. In this case, the interfaces between mi-
FIG. 1. Experimentally determined thermal diffusivities, as a function of the
temperature in the reentrant isotropic–calamitic nematic–isotropic phases,
for the micelles aligned in the directions parallel and perpendicular to the
cuvette sidewalls.
FIG. 2. Calculated thermal conductivity, using Eqs.~4! and ~5!, for both
directions, as a function of temperature in the calamitic nematic phase. The
value of Smax was made equal to: 1.0~squares!, 0.75 ~triangles!, and 0.50
~circles!.
FIG. 3. Experimental values of the birefringence,2Dn, as a function of
temperature in the calamitic nematic phase.
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celles and the solvent play the dominant role in thermal con-
ductivity or resistivity. The thermal conductivity, parallel and














where L and a are the length and the diameter of the mi-
celles, andS is the order parameter, which represents the
degree of alignment~perfect alignment:S51; isotropic
phase:S50). k'* is the thermal conductivity forS51. From
Eq. ~4! one can see that the maximum anisotropy is (L/a).
X-ray data give the valuesL585 Å and a555 Å, so
(L/a)51.5– 1.6.
Figure 2 shows the calculated values of the parallel and
perpendicular thermal conductivities using Eqs.~4! and ~5!.
In this calculation we used the fact that the order parameterS
is proportional to the birefringence,2Dn. Furthermore, the
ratio (L/a) was kept constant in the nematic phase as an
approximation. Experimental data of2Dn are presented in
Fig. 3. The maximum value of the birefringence,Dnmax at
26 °C, was connected toSmax.
As one can see in Fig. 2, the thermal conductivity in the
parallel direction presents a maximum value in the tempera-
ture whereS is maximum, and for the perpendicular direc-
tion the thermal conductivity has a minimum at this point.
Furthermore,Smax50.50 presented the best agreement be-
tween experiment and modeling. Such a value was previ-
ously reported for this system.8
IV. CONCLUSIONS
The temperature dependence of the thermal diffusivity of
a lyotropic liquid crystal was investigated using the thermal
lens technique in the range of 12–52 °C. It was observed that
the thermal diffusivity sharply decreases in the phase transi-
tion temperatures, and presents an anisotropy in the nematic
phase. The observed anisotropy in the thermal transport pa-
rameter was analyzed based on a model, which considers the
geometry of the micelles and the order parameterS as a
function of temperature, giving results in agreement with bi-
refringence and x-ray measurements in these systems.
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